In an action research study, we describe the application of the scrum software development process in a small cross-organizational development project. The stakeholders in the project report many of the benefits we have found in previous studies, such as increased overview of the project, flexibility and motivation. In addition, we have found that estimation can be challenging in cross-organizational projects due to the customer-provider relationship between the participating organizations.
Introduction
Agile development has recently attracted much interest because of claims of many improvements on areas such as work performance, quality and work environment. This paper discusses experience with the introduction of Scrum to improve certain aspects of the software development process for a department in a research institute working with mathematical and geographical software. The context is a joint project for, and in cooperation with, a public limited company to develop a digital map application.
The purpose of this paper is to add to the scant literature on empirical studies of software development with Scrum, specifically in a small-team setting comprising developers from two organizations, in this case a public limited company (customer) and a research institute.
The rest of the paper is organized as follows: First we set the theoretical context for the study, summarize previous empirical studies of Scrum, and discuss our research question. Further, we discuss action research, which is the research method applied in this study. We have organized the findings according to the phases of action research: we describe how we diagnosed the development processes at the research institute, how we planned to introduce Scrum, what actually happened when introducing Scrum to a pilot project, and how we evaluate this with respect to the business goal and research goal. Finally, we specify the contributions of this study in relation to the existing empirical knowledge base of Scrum.
Theoretical Context
Rising and Janoff [8] described Scrum as a development process for small teams, which includes a series of short development phases, "sprints", which typically lasts from one to four weeks. The team captures identified tasks in a backlog, which is reprioritized and updated in the beginning of each sprint. This also includes estimating the effort required to complete each task. The customer participates in the sprint meetings, but is not allowed to influence the team in between the meetings. During a sprint, the team holds short daily Scrum meetings to discuss progress, plans and potential problems. Scrum is thoroughly described by Schwaber and Beedle [11] and Schwaber [10] .
The Theory of Scrum
The cornerstone argument for the suitability of Scrum is that software development is a complex process where many factors influence the final result. It is therefore difficult or even impossible to plan ahead such as described in traditional waterfalllike development processes. Scrum extends incremental software development to what is called "empirical process control"; where feedback loops is the core element. Scrum is inspired by a range of fields like complexity theory [4] , system dynamics [12] and Nonaka and Takeuchi's theory of knowledge creation [7, 15] , adapted to a setting of software development.
Studies on Scrum
There are few studies of Scrum in the research literature. Most of the studies are reports with little scientific backing of claims. We have found three lessons-learned reports from companies taking up Scrum and one case study examining overtime amongst developers and customer satisfaction in Scrum. We briefly summarize these four studies:
AG Communication systems have tried using Scrum in several development projects [8] , and reported improved teamwork, more efficient problem-solving and increased motivation in development projects.
Primavera, a company that develops project management solutions, reported a 30% decrease of software defects the first nine months after release [9] . They also claimed that Scrum improved the time to market, and improved the work environment for the development team. It made the teams more aware of the importance and the business value of the features they were implementing. Another effect observed was that the stakeholders got closer to the work through seeing the product evolve during monthly sprint reviews.
Easel Corporation applied Scrum in developing an object-oriented analysis and design tool in 1993 [14] . Lessons learned from this case were that the company delivered software on time and with more functionality than expected. Customer satisfaction was also high. The study does not give details as it is reported more than 10 years after the project ended.
Mann and Maurer reported on Scrum's impact on overtime and customer satisfaction. In a case study in a small company that developed software for the oil and gas industry [6] , PetroSleuth, overtime data for a period over two years showed that there was a significant drop after introducing Scrum, from a mean percentage of 19 to 7. Customers were interviewed about the software delivered before and after Scrum was introduced, and they state that they were more satisfied with the software after Scrum was introduced. One customer said "I believe there have been far greater consistency, transparency and coordination since the implementation of Scrum". Also, developers themselves were more satisfied with their products after introducing Scrum.
Study Aim and Research Question
This study is made in a research institute with a department developing mathematical software ("Applied Mathematics") and a department focusing on software process improvement. The goal of the applied mathematics department was to improve their software development processes, particularly improving change management, knowledge management, estimation and risk management.
The research goal of this study is to add to the literature of empirical studies of Scrum by providing an action research study of the introduction of Scrum in a small cross-organizational development team. We hope this research can contribute to building theory on which situations and contexts Scrum is a suitable development method. Our research question is:
What characterizes the use of Scrum in small-team cross-organizational development projects?
Do we still see the benefits reported in other Scrum-studies like team motivation, increased productivity, and higher customer satisfaction in cross-organizational projects? And what might be new problems arising in this context? How would, for example, the management of the project be seen by the participants in such a model?
Research Method
To investigate our research question and to achieve the improvement goals of the department, we used the participative research method action research [1, 5] . We have organized the research according to the five principles suggested by Davison et al. [2] .
As for the first principle of researcher-client agreement, this research is done in a project on agile software development, where one department of a research institute is participating as well as one of their customers: a public limited company: Avinor. We have agreed on an improvement and research plan, which gives an overview of what data was to be collected during the study, which included semi-structured interviews (interview guide given in the appendix) with three of the four participants in a pilot project, minutes of sprint reviews, versions of backlogs and other documents.
We followed the cyclical process model (principle two) proposed by Susman and Evered [14] in discussing the situation of the company, planning action, taking action, evaluating action, and finally specifying what we think others can learn from our study. The third principle, of theory, is satisfied in our research question, although our study is not intended to validate theory, but to add a descriptive study of practice in a particular setting. We analyzed the qualitative interview material using principles from grounded theory [13] . The fourth principle ("change through action") is satisfied through the actions taken in our cycle, when introducing Scrum into the project. The fifth principle of action research deals with learning through reflection. This was ensured in the project through arenas where researchers and case participants discussed actions that were taken, and the following analysis by the all participants from the research institute. This included phone discussions, a workshop, a postmortem review [3] and interviews. The participants in this study include three parties, the Applied Mathematics (SAM) and Software Process Improvement departments at SINTEF ICT as well as a public limited company, Avinor, which is a customer of SAM.
SAM delivers mathematical software, mainly to the Norwegian market, and has about 20 employees. The business of SAM is organized in projects, which may range from a few man-months to more than 15 man-years in size. This is usually spread out so that between one and five employees work on a project at a given time. The customers range from institutions such as the Research Council of Norway to smaller private technology-oriented startups. This makes for an interesting mix of projects with composition of research and development ranging pure research to development projects.
SAM's "equity" consists largely of its intellectual property, and it is traditionally "encoded" in the form of computer software and libraries. This is also the main deliverable in projects with companies and many other institutions as customers. Thus, much time in SAM is spent developing, maintaining and extending software. The ideas behind agile development present an interesting approach both with respect to the problems of handling changes during development and estimation of time and costs.
The process improvement group conducts empirical studies of software process improvement, and has lately been particularly interested in agile methods like Scrum. Avinor has a long customer relation to SAM.
Action Research Study
We present the action research study through the phases suggested by Susman and Evered [13] : Diagnosing, action planning, action taking, evaluating and specifying for learning.
Diagnosing
We started the diagnosing phase by conducting a postmortem review [3] at SAM in order to identify strong and weak aspects with their software development processes. Four developers and project managers from the department participated in a half-day workshop. We found that the main strong aspects were:
• Good products -customers get value for money through efficient software developed by ambitious developers.
• Research-oriented environment -the environment is creative and develops good product ideas, through informal self-organization.
• Customer relations -good dialogue and cooperation with customers.
We found some points that could be improved, where the most important ones were:
• Software development process -few common methods and standards, poor estimation, change and risk management, sharing of competence and reuse.
• Software development method -poor documentation from projects, projects often continues after the product is "good enough", some "dirty hacks".
Other problems identified, were related to the management of software projects and the fact that many projects involve only one person.
Action Planning
Based on the postmortem review, we discussed what could be the right tasks in order to improve the situation and still keep what the department held as their strong aspects. The researchers from the process improvement group were interested in trying out principles from agile software development, which we also thought was a suitable choice given the size and type of organization. Research-based software solutions require development processes that give sufficient room for creativity, which is found in the agile development methods. During the discussions, we found that improving project management and change management would help with many of the problems that were aired. We decided to run a pilot project with an agile software development method focusing on these two aspects. The choice was then to try Scrum, because this method focuses mainly on project management and also has solutions for change management. We selected a pilot project which was run by Avinor to develop a digital map application. The project involved one developer and one project manager from SAM and two developers from the public limited company (the customer), where one also was the general project manager. The pilot study covered the first phase of the project, which started with a kick-off on the 28th of April 2005 and continued throughout that year. The project is planned to end by the summer of 2006 and has a total budget of approximately 100,000€ € . The contractor and the customer were not co-located, although the developer from SAM stayed at the customer's site for shorter periods. To handle the practicalities, the developers worked on separate tasks and had little cooperation at the development-level. As the solution involved advanced graphics functionality for maps, new browser technology and various other state-of-the-art components, it was technically challenging although the developers made use of pre-existing components.
Action Taking
The first task was to discuss with the customer if they would be interested in using Scrum as a development process in the project. Because of good prior relations to the department, they agreed to participate, even though there was a contract written with a requirement specification and a fixed price in the traditional way. We organized a kick-off where all project members participated. In addition some observers from other projects at SAM, who considered using Scrum in their own projects, attended the beginning of the workshop. The workshop started with a researcher from the process improvement group introducing Scrum, followed by a discussion to determine if the project was appropriate for trying this out. The project decided favorably, and discussed the consequences of this change, and proceeded to generate an initial backlog in the form of an excel-sheet. This was mainly based on the original requirement specification and planned the first sprint. The project manager said: We defined each task on an A4 sheet, and discussed what needed to be done first. The first phase of the project was set to contain six sprints. The backlog contained 46 tasks, of which five were included in the first sprint. The sprints lasted approximately ten work-days, but would always take more calendar time as all people involved were working on other projects in parallel. The sprint durations were adjusted slightly to optimize placement of holidays and meetings in other projects.
Evaluating
We evaluated the project after interviewing three of the four participants in the project after sprint five, and after gathering backlog data from the first five sprints.
We present the evaluation in three parts, first we let the participants describe how they experienced the main elements in Scrum, present what the participants view as positive aspects of the development method, and then discussed challenges in this particular project.
Main Scrum Principles Followed
In the project, the sprint meetings were organized after approximately ten full workdays. The project manager said: The concept of having working software which increases customer value after each sprint seems to have been successful. The people from SAM said: We have tried to have a working system as a result of each sprint, it has not only been a demo … I think it worked really well, because the software has in fact been working after every release. This was also appreciated by the customer, the project manager said: I remember the first delivery, which we got on a CD, and it was like: 'here is the delivery'.
Perceived Benefits of Scrum
In total, both the SAM department and the customer were satisfied with the process followed. The Scrum master from SAM said: I think it has worked very well. The developer from SAM was satisfied with working at the customer site during some sprints of the project: There you have everything… People that know something about how the back-end systems your software talks to works, it is a lot easier to get answers to things you wonder about.
Challenges with Scrum in Cross-Organizational Projects
The project manager described effort estimation as the main problem with the project so far: …we have not at all been good at… effort estimation. … There were many tasks that took twice as much time as estimated. The developer from SAM said: I really have a hard time making effort estimates. It is R&D we are doing, there is a lot of new technology which is pushed to the extreme in this project. But the benefit of Scrum is that you do the estimates at a low level, and have more control with the mistakes you do when you have broken it down to task level. But the people from SAM thought that they themselves had become better and more realistic at doing estimation during the project, because of the frequent feedback. The Scrum master said: after all, I feel that we have much better control. However, the backlog grew during the project, which was a problem because the contract for the project was fixed on functionality. The developer agreed that he would like to continue working in this manner. If we look at the planned and actual effort given in Table 2 , we see that the largest deviation was in sprint number two, which could indicate that the project participants got better at estimating as the project proceeded. The deviation in sprint one was low as the tasks were initial preparations and basic setup that was more or less straight forward and thus easy to estimate more precise. The project participants from SAM expressed that it was difficult to estimate the effort when Avinor participated in the development team as well as being the customer of SAM's part. The Scrum master said: We have a customer-supplier relationship, even though we participated in the same project, and I think we lowered the estimates more for us than we would if the customer was to do the tasks themselves [maybe unconsciously] . This could have been easier if both parties had experienced problems with estimates at the same time: If they had worked more in the beginning, I think they would have experienced that the estimates were too low, and they would not implicitly lower the estimates. If they said "hmm… two days?" for a task, then after maybe five seconds, we suggested "maybe we can do it in one and a half". SAM was working alone for the first two sprints, and the customer started working as well from sprint three. The project manager said: The reason for that was that we had a lot of other matters to take care of, which forced us to wait, and also that SAM were working on the basic maps and issues on the server-side, which had to be completed before we could start our tasks.
The problem with estimation would not have been of the same magnitude if Scrum was followed fully, but in this project there was a signed contract which specified what SAM was to do, and it was a problem for them when they spent a lot of time in the initial phase of the project. The overall work was to be divided equally between the parties, but there was not a clear model on how this should be done. For the lower level tasks, it was clear who was to do what, but as these were only precisely defined as work progressed, this problem of workload splitting could arise.
Specifying Learning
What were the main learning points from using Scrum in the way described in the digital map project? The goal of SAM Applied Mathematics was to improve their development process, in particular change management and project management, and with a focus on small projects. It is of course necessary also in smaller projects to be able to estimate resources precisely. One problem with such projects is that management easily grows to an inappropriate fraction of the whole project. Hence, a goal for SAM was to figure out a way to manage projects with an "agility scaled to the size of the project", if at all possible.
Some key experiences can be singled out:
• Resource (especially development time) estimation is hard. Furthermore, it is not obvious that it helps breaking tasks down. Instead of missing the total with a large amount, SAM felt that they missed a lot of smaller tasks with smaller amounts (but maybe equal percentage wise) at the cost of having to add more of these smaller tasks. One big advantage is of course the possibility of discovering such issues at a much earlier time.
• Continuous monitoring of the state of progress came inexpensively with this development process. The agile process worked well both for the SAM developer and project manager. The latter could concentrate on the actual development work, and did not have to spend much time on management. The mix of combined sprint reviews and sprint starts together with the short scrum meetings appears to have given a very good "real work to management" ratio.
• One improvement to SAM's process could be to spend some more time inititally trying to complete the backlog. This would make it even easier to detect a budget overflow at early stages. For projects of a more research-oriented nature than the current one, this would maybe not be so important, or even possible or desirable.
The research question for this study was to examine what characterizes the use of Scrum in small-team cross-organizational development projects. We have found many of the benefits expressed in previous lessons learned-reports, like increased overview of the project, more flexibility and motivation.
However, we also found that resource estimation became problematic for SAM as the customer was participating in discussing the estimates. SAM thinks this implicitly lowered the estimates because it happened at a point where the customer had not yet worked enough in the project to encounter estimation-errors themselves. It can seem that the nature of a relationship where a customer and contractor participates in development can lower the learning effect of frequent feedback, when one party is carrying more workload than the other in a period. Another problem for SAM is the duality of working in a flexible manner with Scrum on a project with fixed price and functionality.
Conclusions and Further Work
In an action research project, we have tried out and evaluated the use of Scrum in a cross-organizational project to develop a digital map application. Scrum is found to offer a good development process for smaller R&D projects at SAM. The project currently described has encouraged SAM to consider this model also for other projects. However, effort estimation was found to be challenging due to the customerprovider relationship in the project.
We will continue to follow the digital map application project in 2006, mainly focusing on the learning effects of Scrum.
